Background: The attentive functions appear to be involved in learning. In particular, at the beginning of schooling the processes of visual attention are important. In subsequent years, in line with the automation of the processes of learning, the processes of active attention such as inhibition, interference control and management of a double task are more important. On the basis of these findings it is important to consider which are the attentive indices able to predict reading.
The role of attention in literacy Coltheart's (1980) Dual Route Cascaded model of reading and writing argues that children learn to read through the graphemephoneme route system (sub lexical route) and through orthographic representation (lexical route). A correct phonological recoding in the grapheme-phoneme route system is especially important for the development of future reading skills [1, 2] . 1,2 In this phase, both linguistic [3, 4] , and attentive cognitive processes are required with particular reference to visual attention [5, 6] .
Our focus is decoding. In fact, the decoding of a text is a task which requires attention to be focused visually and spatially [7] . Decoding involves the use of an attentional spotlight, a kind of directional light that illuminates specific areas of interest [8] and allows one to concentrate or distribute attentional resources [9] It is important to emphasize that in the early stages of learning, phonological decoding needs a visual search task [10] Phonological decoding requires visuospatial segmentation of a string of letters into graphemes. Therefore, visuospatial attention is crucial in addition to phonological skills for correct reading [11] . Laberge and Samuels (1974) [12] . had also highlighted the central role of visual attention in decoding. In the beginning readers should pay attention to single letters in sequence to identify the correct word. Stevens & Bavelier (2012) [13] highlighted that reading requires visuospatial selective attention, particularly during the early learning stages.
Some studies have identified the predictive relations of attentive regulation on decoding. In fact, poor self-regulation is associated to negative outcome, including school failure [14] In particular, visual attention is important. At the beginning of reading acquisition, letters must be specifically selected through the rapid orientation of visual attention [10] . In an Italian study [6] visual spatial attention in pre-schoolers predicts the future acquisition of reading in grades 1 and 2. So, attentional orienting has a very important role in reading skills development. This relationship has been confirmed by both studies of transparent orthographies such as French [15] and in opaque orthographies like English [16, 17] . This evidence supports the causal role of visuospatial attention in learning to read and demonstrates that this process is fundamental in the early stages of acquisition of reading. With experience, the identification of the letters becomes automatic and readers became gradually able to pay attention to a greater quantity of information. In fact, in later times lower levels of effort are required, with the automatization of reading processes (lexical reading) [18] . This passage occurs when the individual has reached sufficient automatization [19] .
The relationship between attention and reading is also highlighted by the fact that many children have problems in both. Attention is an important predictor of at-risk readers [20] . Children that have attention problems, such as Attention Deficit and Hyperactivity Disorder (ADHD), perform poorly in literacy. In particular, the active component of attention is associated with difficulties in reading [21] [22] [23] . So, inattention is highly involved [24] in later school failure in ADHD children. In the school-aged population Learning Disabilities (LD) and ADHD are very frequent. ADHD and LD can co-occur frequently and there is a high mean comorbidity rate (45.1%) [25] . About 40% of children with ADHD also have a specific reading disorder [26] [27] [28] [29] . Pennington (2006) [30] demonstrates that reading disabilities and attention deficit have a multifactorial aetiology. To explain the overlap between reading and attention, some common dimensions are investigated [31, 30] , within the context of the multiple deficit framework for neurodevelopmental disorders. A single deficit does not seem to be sufficient to cause the frequent overlap between reading and attention. Processing speed and working memory difficulties are very important in the development of reading disabilities and attention deficit, and they probably interact with other neurocognitive risk factors and protective factors. These dimensions' area associated with executive/active attention capabilities and reflect a general capability to control attention to maintain a limited amount of information in an active state, particularly in the presence of interference. Interest also remains in alternative accounts, and visual attention has been a particular focus. However, visual attention deficit could be an additional risk factor that interacts with a processing speed and working memory deficit [31] .
Aims
In this study, we wanted to identify the predictive links between various components of attention and reading in the second and third classes of primary school, keeping under control the predictive role that learning plays on itself. We expect a predictive role of visual selective attention in the early years of school. Instead in the following years, attention should be less implicated in line with the automation of the process.
We investigated what kind of attention is involved in early years of academic learning of reading. The assumption is that the identification of the letters became automatic with experience and that readers became gradually able to pay attention to a greater quantity of information. With the automatization of decoding processes and access to the lexical route, the decoding no longer requires attention abilities.
Method Participants
A total of 143 children (66males and 77 females) aged 7.6 years and 9.4years participated in the study. The children all attended the same school on the outskirts of a large city in the centre of Italy. We excluded all students with a disability and/ or developmental disorder (as diagnosed by the national health system). The measures were administered at a time agreed upon with the school and with due adherence to the requirements of privacy and informed consent required by the Italian law (Legislative Decree-196/2003) . Regarding the ethical standards for research, the study referred to the last version of the Declaration of Helsinki by the World Medical Association. The study was approved by the Departmental Ethics Committee, Department of Psychology, University of Florence, Italy.
Procedures
The parents gave written consent to their children taking part in the project. The children themselves were informed of the purposes of there search before the start of testing.
Materials
Reading task-We used the MT battery to test speed and accuracy of text [32] . This is an Italian battery that measures passage reading speed and accuracy. The child has to read a text entitled "The story of Babbbo Natale "in first grade," The topic ampanari "in second grade and "The empty barrel and the full barrel" in third grade. The MT battery comprises different passages for each grade level with increasing number of syllables and complexity of text. The internal reliability coefficientis =.90.
Tests of attention -Cognitive Assessment System (CAS)
This battery is based on the PASS theory of intelligence [33] and is a multidimensional measure of cognitive processing. A standard score is provided for each cognitive process (Planning, Attention, Simultaneous and Successive). We used only Planning and Attention scores. For the Attention score we used: For the Planning score we used:
Matching numbers (functions involved: Planning, Selective • Attention).
Planned codes (functions involved: Planning, Inhibition). •
The internal reliability coefficients are for Planning=.88 and for Attention=.88. The progression of scores across ages is measured.
Visuospatial working memory/active attention measuresThese tests were used because they permit an assessment of level of attentional control (i.e. low attentional control/passive tasks or high attentional control/active tasks) with greater involvement of the central executive system tasks at lowand high level of control.
The visuospatial working memory abilities were evaluated with the test of the Paths and Corsi's Test. Both tests are taken from the BVS-Corsi Battery for assessing visual spatial working memory/active attention [34] .
Test of paths on matrices.
Back Courses Test, the Italianversion of the Corsi task [34] . The internal reliability coefficient is =.74.
Intelligence quotient -The following tests were used as control variables. We administered two sub tests of the Wechsler Intelligence Scale (WISC-III): Similarities and Block Design [35, 36] . Internal reliability for subtests ranged from .79 to .90.
Data analysis
First of all, the descriptive statistics of the metric variables (mean, standard deviation, skewness and kurtosis coefficients, minimum and maximum values), i.e. attentive, active attentive and accuracy and rapidity in reading, were carried out, distinctively for different scholastic classes. The normality assumption for all variables were verified, and in those cases in which a variable distribution did not seem to be a Gauss curve, the appropriate monotone increasing transformations were applied.
Pearson's correlation coefficients were carried out to check the statistical association between accuracy and rapidity in reading, attention and active attention measures, both in the second and in the third classes.
In order to determine which attention and active attention variables are able to predict the skills of reading for the age groups considered (second and third classes), a series of linear multiple regression analyses were performed. For each analysis implemented, the different measurements of attention and of active attention were inserted as independent variables, and the accuracy and rapidity in reading as dependent variables, measured both in the same year (T 1 ) and in the next year (T 2 ) with respect to the acquisition of the attention measures. When the predictive analyses were carried out with measurements of attention and of active attention in the second class and accuracy and rapidity in reading in the third class, rapidity and accuracy in the second class were considered as covariates.
Before the implementation of the linear multiple regression analyses, for all the complex of the independent variables the statistical coefficient VIF (Variance Inflation Factor) was calculated to exclude the possible presence of multi-collinearity (Field, 2005) . For each independent variable included in the regression models, the effect-size coefficient partial eta-squared (η 2 ) was calculated.
Results
The descriptive statistics of all the reading, attention and active attention variables are reported in the two next tables ( Attention; (*) = variable normalized by an increasing monotonic transformation. Table 2 : Descriptive statistics of all measures about reading, attention and active attention skills for the third classes (T 1 ) and in the next year (T 2 ): minimum, maximum, mean, standard deviation, skewness and kurtosis.
The skewness and kurtosis values refer to the original scale of measure of the variables, and the asterisks indicate those variables that have been normalized by increasing monotonic transformations.
With regard to the statistical association between accuracy and rapidity in reading and attention and active attention, in the second class "Accuracy" (errors in reading) was not correlated with any attention and active attention measure, while "Rapidity" (sill/ sec) resulted significantly positively correlated with "Number recognition" (r = .30, p<.01), "Paths" (r = .32, p<.01) and "Corsi's test backward" (r = .28, p< .05). For the third classes, for the parameter "Accuracy", the errors in reading were correlated with "Expressive attention" by a relation of inverse proportionality (r = -.24, p< .05), while "Rapidity" (sill/sec) was positively correlated with "Receptive attention" (r = .37, p<.01), "Expressive attention" (r = .32, p<.01), and "Paths" (r = .36, p<.01) ( The predictive relationship between reading variables and attention and active attention variables were assessed by a series of linear regression models, that are reported in the tables below (Table 4-9).
For the parameter "Accuracy" (errors in reading), in the second class, was significantly and negatively predicted by "Number recognition" (t = -2.41, p< .05, η 2 = .084) (Table 4) , measured in second class, while "Rapidity" in reading was positively predicted by "Number recognition" (t = 2.61, p< .05, η 2 = .097) and "Paths" (t = 2.94, p< .01, η 2 = .121) ( As regards the predictive capability of attention and active attention variables (and accuracy and rapidity in reading as covariates), measured in the second class, on decoding measured in the third class, "Matching numbers" (t = -2.73, p< .05, η 2 = .107) and "Paths" (t = -2.66, p< .05, η 2 = .103) resulted statistically significant regressors for "Accuracy", while "Matching numbers" (t = 3.44, p< .001, η 2 = .160), "Planned codes" (t = 2.66, p< .05, η 2 = .076) and "Receptive attention" (t = 2.08, p< .05, η 2 = .065) resulted significant regressors for "Rapidity" in reading ( Regarding the "Accuracy" in reading measured in third class, the attention variables that resulted as significant predictors were "Planned codes" (t = -2.15, p< .05, η 2 = .103) and "Receptive attention" (t = -2.31, p< .05, η 2 = .117), while for "Rapidity" in reading, the results pointed out as statistically significant predictors "Receptive attention" (t = 2.72, p<.05, η 2 = .156) and "Paths" (t = 2.27, p< .05, η 2 = .114) ( Finally, regarding the predictive capability of attention and action attention variables, measured in the third class, on the "Accuracy" and "Rapidity" in reading, measured in the fourth class, no significant regressors were pointed out.
Discussion

Correlational and predictive data in second grade and in third grade
The results point out that the development of decoding requires the activation of different cognitive components over time. We support the hypothesis that in second grade, reading might depend on proper functioning of the visuospatial selective and active attentional system (prediction of number recognition for accuracy and rapidity and Paths for Rapidity). Given the regression nature of our study, we assert a causal role of active visual attention on acquisition of reading skills. This type of attention contributes to speed in reading in second grade and to speed and correctness in third grade, confirming the causal relationship between active attention and reading in this age group [37].
Our results extend previous studies on the relationship between attention and reading in the first years of school [6, 29] At first the child mainly uses the way of phonological reading, so it is very important to use a basic selective focus on the decoding of syllables. This is an extremely complex task for the child, therefore, he/she should focus his/her attentional resources on the task. This type of process appears to be involved in reading speed. The efficiency of the selective attentional processes influences the development of future reading ability from childhood. Preschool children with difficulties in the identification and selection of information among distractors are at risk of subsequent difficulties in reading [13] . In fact, reading requires visuospatial selective attention [38] . This ability is necessary in order to acquire the mappings between graphemes and speech sounds. In our research, we highlighted that in second grade reading speed is associated with the ability of visual selective attention and active visual selective attention. This datum indicates that the decoding process is not yet fully automated at this stage [19] , given that selective attention and active processes are still involved in decoding. However, the type of process involved is not passive (selective attention) but active (active elaboration). At this stage, in fact, the child appears less focused on the decoding of syllables and is trying to recognize the full form of the word. The child makes an active effort to decode the word. This decoding process engages cognitive system and absorbs part of the cognitive resources. At this stage, the decoding of a text is still a very complex task that requires the maintenance and management of attention over time. In this phase, access to mental lexicon is not immediate and the child employs the sub lexical way of reading. Only later, when access to the mental lexicon is automated, will visuospatial basic and active attentional processes no longer be involved. third. In this phase, the child uses a type of more active attention because he/she is preparing to automate the process and access mental lexicon. In fact, at the end of second grade, many Italian children can use the lexical route [39] and this may lead to a better fluency in reading. When the child recognizes the whole form of the word, it leads to the mental lexicon. This process allows him/ her to quickly recover both meaning and sound. Therefore, active visual spatial attention and planning are skills that contribute to the development of reading, both in speed and in accuracy, because they allow the child to access a more automated type of reading. Moreover, in third classes selective visuospatial attention is no longer involved in the decoding process and focused attention appears more involved in Rapidity. This change in the functions involved is very important. Indeed, selective attention measured in second class predicts the decoding skills in the second class; the decoding skills measured in the second class predicts the decoding skills measured in the third class; finally, focused attention measured in second class predicts the decoding skills measured in the third class. Our results emphasize that the cognitive skills that the child has at the beginning of the literacy process are very important. In the beginning, selective attention is important: it is the ability to select only one stimulus among those present in the environment: it can be regarded as a "filter" which selects the input information, deciding which should be further developed and which, conversely, should be ignored. Later focused attention is important: this is the ability to make calculations more effectively to selected stimuli, through faster detection, better discriminative ability and a higher predisposition to response [40] . The involvement of focused attention is because at this stage the child uses his/her attention to focus on the task rather than to distinguish the letters, as in second grade. So at this stage the reading is most evolved and involves concentration and reflection on the content.
In third grade, the attentional processes that are predictive of accuracy in decoding are planning and focused attention. All these processes involved in decoding are united by the need to play an active control of interference to ignore irrelevant information. In third grade the dimension of interference control becomes particularly important. At the base of fluent decoding there is the ability to switch between automatic and controlled processes in order to use the strategy that best fits the reading of the word. It is possible that children with better interference control skills have better accuracy and reading speed [41] . In fact, at this point, the reading is text interpretation. For automated reading it is very important to select the right information by avoiding the interference of irrelevant information [42] . Interference control at this stage allows the activation of top-down cognitive processes that help in reading comprehension. We have also evaluated which attentional processes can predict academic performance the following year. The attentional skills detected in third grade do not predict more decoding in fourth grade. This means that the decoder is fully automated and no longer requires any kind of attention. Probably, the attention process is likely to support the comprehension of the text. The third to fourth grade transition has been shown to be critical for reading achievement because the attention changes from learning to read to reading to learn and reading assignments become more complex [43] . The results of our study support the idea that during the first four years of schooling attentional abilities affect their involvement in learning to read. From an operational point of view this datum suggests that in case of persistent difficulties in reading, it is no longer useful to insist on the strengthening of attention but it is more indicated to enhance learning that is deficient [44] .
A limitation of this study might be not assessing the comprehension of a written text. In future studies, it would be interesting to consider whether in fourth grade attentional skills go to support the understanding of the content rather than on decoding which is now automated.
Key points 1
Reading is a complex process. A initial correct phonological recoding in the grapheme-phoneme route system is especially important for the development of future reading skills.
2
The development of decoding requires the activation of different cognitive components over time. We support the hypothesis that in second grade, reading might depend on proper functioning of the visuospatial selective and active attentional system.
3
Active visuospatial elaboration and planning detected in the second grade also appears important in predicting decoding skills in the following year, in third grade. In this phase, the child uses a type of more active attention because he/she is preparing to automate the process and access mental lexicon.
4
The results of our study support the idea that during the first four years of schooling attentional abilities affect their involvement in learning to read. Attention plays a significant role in the early stages of learning when it is involved in automating the decoding process. Subsequently attention no longer plays a causal role in the improvement of reading.
